Listeria monocytogenes, a fatal food-borne pathogenic bacteria, can form a biofilm on many different supports. The biofilm gives L. monocytogenes more viability and resistance to disinfectants and sterilization procedures. L. monocytogenes formed biofilms on various culture vessels tested in this experiment and showed the maximum amount of biofilm when it was cultured for 4 days at 30℃ in BHI broth. In this study, biofilm formation was stimulated or inhibited by addition of different Kimchi samples. That was not in accordance with the effect of Kimchi on the growth of L. monocytogenes.
Introduction
Listeria monocytogenes is a Gram positive, non-spore forming, facultative anaerobic bacteria which cause severe food-borne infections in both humans and animals. It showed over 25% of fatality rate every year in United States [24] . The hazard of L. monocytogenes as a food-borne pathogen is very important because it tolerates extreme conditions such as low temperature, low pH and microaerobic environment [26] . And L. monocytogenes can survive long periods of time in many different places including soil, water and variety of food resources [12, 30] . Food materials and products are contaminated by L. monocytogenes through the soil carried on workers' shoes, clothes and equipments. And the growth of L. monocytogenes is enhanced when the place has enough water and nutrients. L. monocytogenes can grow and survive easily on the surface of working equipments and area in food processing plants. Therefore, Food products from those food plants have higher possibility of contamination by L. monocytogenes. Among those variety of foods including meat products, dairy products, vegetables and ready to eat food has the highest risk of L. monocytogenes contamination, because it is usually kept in refrigerator for a long periods of time to grow the microorganism. And the threat of L. monocytogenes will be increased according to the growth of meat product and ready to eat food consumption.
A biofilm is a single or mixed microbial species that attached to a surface and embedded within extracellular polymeric substances [39] . Biofilms are occurred on various kinds of surface materials such as glass, stainless steel and rubber. And the growth of biofilms can be promoted on the surfaces containing nutrients, ionic salts and organic materials [5] . Therefore, biofilms can be developed working area in food processing plants and contaminate food products. In general, bacteria initiate to form biofilms in response to specific environmental signals such as temperature, pH, nutrients and oxygen concentration [27] [28] [29] 31, 37] . Biofilms formed by Gram-positive and Gram-negative bacteria have been studied including Pseudomonas fluorescences, Escherichia coli, Vibrio cholerae, Staphylococcus epidermidis, Staphylococcus aureus and many other species. Once the biofilm is developed on the surfaces, it is very difficult to remove, because biofilm enhances bacterial resistance to cleaning and sanitation reagents by preventing the reagents get into biofilm. Bacteria within biofilms are more resistance to antibiotics, disinfectants, environmental stress and sterilization procedures [8, 23, 29, 35, 38] . L. monocytogenes can develop biofilm on both abiotic surface such as glass, rubber, stainless steel and plastics, and biotic surface from plant and animal [1, 4, 9, 35] .
Therefore, L. monocytogenes forms biofilms on the food processing equipments in food processing plants, and cause food contamination and food-borne diseases. Kimchi was selected as one of the world-wide health foods because of the high nutrition value and preventive effects on various pathogenic microorganisms by 'Health' in 2006. Many researches had been reported antimicrobial effects of Kimchi on pathogenic microorganisms including Salmonella typhimurium, Staphylococcus aureus, E. coli O157 -Note -and L. monocytogenes [11, [14] [15] [16] [17] [18] [19] [20] [21] [32] [33] [34] . However, the effect of Kimchi on biofilm and L. monocytogenes biofilm formation have not been studied. In this study, the culture conditions for biofilm formation of L. monocytogenes were optimized and studied the effect of Kimchi on L. monocytogenes biofilm formation.
Materials and Methods
Bacterial strain, medium and culture condition L. monocytogenes 1421, which forms biofilm on 96-well polyvinyl chloride (PVC) plate, was kindly provided by Dr. Glenn M. Young, University of California, Davis. The strain was stored at -70℃ in Brain Heart Infusion (BHI) broth medium (Becton, Dickinson and Company) containing 25% glycerol. L. monocytogenes 1421 was cultured at 30℃ on BHI agar medium, and transferred to fresh medium every other week. Liquid seed-culture of L. monocytogenes 1421 was performed in BHI broth for 24 hr at 30℃ without agitation.
In order to form biofilm, a droplet of L. monocytogenes 1421 glycerol stock stored at -70℃ was streaked on BHI medium plate and cultured over night at 30℃. One colony isolated on the BHI plate was inoculated to 0.8 ml BHI broth in 1.5 ml microcentrifuge tube (Eppendorf, German) and cultured for 24 hr at 30℃ as a seed culture. To quantify the biofilm amount, the main culture medium was inoculated with seed cultures at 1%, and cultured at different conditions according to variations.
Preparation of kimchi sample
Three different home-made and two commercial Kimchi samples were used in this experiment. The pellets of each Kimchi samples were discarded after centrifuged at 8,000 rpm for 10 min, and the supernatants were stored at -70℃. The supernatans were boiled for 20 min at 100℃, then sterilized through 0.22 μm membrane (Miliproe Co., USA) filtration, and kept in refrigerator. Kimchi sample was added to main culture at 2%.
Biofilm quantification
In general, the PVC microtiter plate assay was used to determine the amount of L. monocytogenes 1421 attachment which provides an assessment of surface attach biomass [7] . However, the assay method was modified in this research, because the volume of each PVC plate well was not suitable to study the effect of Kimchi on L. monocytogenes 1421 biofilm formation.
For the quantification of biofilm, the planktonic cells in main culture were removed by aspiration. The culture tube was rinsed twice with distilled water and allowed to air dry thoroughly. Then, the materials and cells remaining in the culture tube were stained with a solution of 1% crystal violet for 20 min. The samples were washed several times with distilled water and allowed to air dry thoroughly. The remaining crystal violet was extracted using 95% ethanol and quantified by measuring OD at 595 nm.
The effect of Kimchi on L. monocytogenes 1421 biofilm formation was analyzed by comparing OD values of each sample with negative control which contains BHI medium only.
Results and Discussion

Culture vessel
In order to test different culture vessels, L. monocytogenes biofilm amount (Fig. 1) .
Culture volume
Because of the aerobic property of L. monocytogenes, optimum culture volume was determined by comparison of the biofilm amount after cultivation of L. monocytogenes 1421 for 2 days at 30℃ in different volume of BHI broth. The biofilm amount was increased against culture volume until 0.6 ml, then showed similar amount after 0.6 ml (Fig. 1 ).
Culture time
Optimum culture time was determined by comparison of the biofilm amount after cultivation of L. monocytogenes 1421
in BHI broth at 30℃ during different culture time. The biofilm amount was increased till 4 days according to culture time, and showed static level after 4 days (Fig. 2) . Although, the inconsistency among studies focusing on planktonic cell attachment to a substratum, attachment was initiated very quickly and the mature biofilm complex was developed within 24 hr [3, 5, 13, 25] . However, the biofilm amount was increased after 24 hr in this study. The difference between these results due to different culture system. Biofiom was formed by standing culture in this study, however, others used flow cell system.
Temperature
Optimum culture temperature was determined by comparison of the biofilm amount after cultivation of L. monocytogenes 1421 in BHI broth for 4 days at different temperatures. The maximum amount of biofilm was obtained at 30℃, the general culture temperature for L. monocytogenes, and the amount was decreased in higher or lower temperature (Fig. 2) . 
